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ABSTRACT.  Extraneous carbon (Cex) added during chemical processing and isolation of black 7	
carbon (BC) in environmental matrices was quantified to assess its impact on Compound 8	
Specific Radiocarbon Analysis (CSRA).  Extraneous carbon is added during the multiple steps of 9	
BC extraction, such as incomplete removal of solvents, and carbon bleed from the gas 10	
chromatographic and cation columns.  We use two methods to evaluate the size and Δ14C values 11	
of Cex in BC in ocean sediments that require additional pre-treatment using a cation column with 12	
the Benzene Polycarboxylic Acid Method.  First, the direct method evaluates the size and Δ14C 13	
value of Cex directly from the process blank, generated by processing initially empty vials 14	
through the entire method identically to the treatment of a sample.  Second, the indirect method 15	
quantifies Cex as the difference between processed and unprocessed (bulk) Δ14C values in a 16	
variety of modern and 14C-free or ‘dead’ BC standards.  Considering a suite of hypothetical 17	
marine sedimentary samples of various sizes and Δ14C values and BC Ring Trial standards, we 18	
compare both methods of corrections and find agreement between samples that are >50 µg C.  19	
Because Cex can profoundly influence the measured Δ 14C value of compound specific samples, 20	
we strongly advocate the use of multiple types of process standards that match the sample size to 21	
assess Cex and investigate corrections throughout extensive sample processing. 22	
 23	
	 2	
INTRODUCTION 24	
Black Carbon (BC) is produced from the incomplete combustion of fossil fuels and 25	
biomass, ubiquitous in the atmosphere, sediments, soils, and water, and influences a wide range 26	
of biogeochemical processes (Schmidt and Noack, 2000; Watson et al., 2005).  With the new 27	
technological developments and smaller AMS sample size requirements (Santos et al., 2007), the 28	
ability to isolate individual compounds, using Compound Specific Radiocarbon Analysis 29	
(CSRA) allows for better understanding of the time scales of individual compounds from a C 30	
pool (Eglinton et al., 1996; Ingalls and Pearson, 2005).  The turnover times of BC within these 31	
pools is determined by partially oxidizing aromatic BC in environmental matrices using the 32	
using the Benzene Polycarboxylic Acid (BPCA) Method to form marker compounds, Benzene 33	
Polycarboxylic Acids (BPCAs).  These environmental matrices contain non-BC organic matter, 34	
fine siliceous dust and heavy metals in a heterogeneous mixture, which can complicate the 35	
processing of a BC sample.  In turn, for BC to be separated from the matrix, extensive treatment 36	
is needed to remove metals that interfere with BC extraction using the BPCA Method 37	
(Brodowski et al., 2005, Ziolkowski and Druffel, 2009).    38	
However, extensive processing adds extraneous (Cex) carbon, thereby influencing the size 39	
and Δ14C value of the BC sample (Ziolkowski and Druffel, 2009; Santos et al., 2007).  The Cex 40	
originates from two major sources: (1) the chemical processing associated with extracting the BC 41	
from the sample  (in this case, the BPCA method and pre-treatment) and (2) the purification of 42	
BPCA marker compounds on a preparative capillary gas chromatograph (PCGC).   After 43	
correction for graphitization and combustion (Santos et al., 2007), the mass of Cex and the Δ14C 44	
value of CSRA sample (Cmeasured) originates from the contributions of two sources (eq.1): 45	 𝐶!"#$%&"' = 𝐶!"#$ +  𝐶!!!"#$%&' + 𝐶!"#" = 𝐶!"#$ +  𝐶!"    (1) 46	
 47	
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where CBPCA is the mass of the BC isolated from the sample and Cex is the mass of the 48	
extraneous C added due to processing (Cchemistry) and PCGC collection (CPCGC).  In previous 49	
studies, 14C analysis of standards of known chemical and isotopic composition have revealed 50	
deviations from consensus Δ14C values, highlighting the need for correction of Cex (Hwang and 51	
Druffel, 2005; Ziolkowski and Druffel, 2009; Santos et al., 2007).   52	
For the purpose of correcting BC Δ 14C measurements, the size and isotopic composition 53	
of Cex can be assessed using two different approaches.  First, to implement direct method Δ14C 54	
assessments, we evaluate process blanks, which are initially empty vials that are processed 55	
through the entire method, identically to the treatment of a sample or standard.   These process 56	
blanks serve as direct estimates of the size and isotopic signature of Cex, which are evaluated 57	
periodically over time.  The mass of Cex added during sample preparation (Cchemistry) and 58	
purification (CPCGC) can be evaluated by process blanks.  To evaluate CPCGC, we use a direct 59	
blank, generated by solvent injection onto the PCGC.  The difference between the direct blank 60	
(CPCGC) and process blank (Cchemistry+PCGC) is the Cchemistry.  It is particularly important for new 61	
users to distinguish how much Cex originates from both the chemical preparation of the sample 62	
(Cchemistry) and PCGC (CPCGC) when to determine the quality and total uncertainty of the BC Δ 63	
14C results.   64	
The second method, the indirect method, assesses the Cex assuming a two-end member 65	
approach.  We assume Cex has a dead (Δ 14C= -1000‰) component and a modern (Δ 14C= 0‰) 66	
component.  Then, using process BC standards of known isotopic values (modern and dead), the 67	
size of Cex is estimated by the deviation of the process standard from the consensus ∆14C value.  68	
After corrections for graphitization and combustion in AMS measurements are made, a carbon 69	
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mass balance is applied using the mass and isotopic signature of Cex determined by indirect and 70	
direct methods to correct samples and standards (eq.1) (Ziolkowski and Druffel, 2009).  71	
The aim of this study is to determine Cex added in the extraction of BPCA marker 72	
compounds in marine sediment throughout pre-treatment, nitric acid oxidation, derivitization and 73	
PCGC collection.  Using direct and indirect assessments of Cex, we evaluate the magnitude and 74	
14C signature of Cex, which allows us to calculate the true BC Δ14C value (CBPCA) of the sample.  75	
The sum of the different sources of Cex can lead to significant contamination of samples, 76	
particularly for samples < 50µgC.  This results in a size-related bias of the Δ14C values reported 77	
by AMS laboratories, which usually include corrections only for combustion and graphitization 78	
of samples.  We compare both direct and indirect Cex assessments by applying corrections of Cex 79	
to a suite of hypothetical Sedimentary Organic Carbon (SOC) samples.  Thus, based on these 80	
assessments, we demonstrate corrections for Cex added during BC extraction in marine sediments 81	
with the routine use of processed standards and blanks. 82	
 83	
2. METHODS 84	
2.1.  Black Carbon Standards 85	
Black carbon rich standard reference materials were selected from the multi-laboratory, 86	
method and standard comparison called the BC Ring Trial (Hammes et al., 2007).  Two types of 87	
dead and modern process standards were used to facilitate comparative analyses of BC: 1) 88	
laboratory produced BC-rich and 2) BC-containing environmental matrices containing fine 89	
siliceous clays and heavy metals.  Grass char (Oryza sativa) and wood char (Castanea sativa) 90	
BC standards were used as modern standards to access for 14C-depleted Cex added during 91	
processing (Elmquist et al., 2006; Hammes et al., 2006).  An isotopically depleted 14C laboratory 92	
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produced standard, hexane soot (Goldberg, 1985; Akhter et al., 1985; Hammes et al., 2007) was 93	
also used to access modern Cex.  Environmental BC standards that contained a silicate and metal 94	
matrix, including urban dust aerosol NIST Standard Reference Material (SRM 1649a) (Currie et 95	
al., 2002; Masiello et al., 2002; National Institute of Standards and Technology, 2004), NIST 96	
Standard Reference Material marine sediment (SRM 1941b) and U.S. Geological Survey Green 97	
River Shale (Abbey, 1983, Gladney; Roelandts, 1988; Govindaraju, 1994) were used to access 98	
modern Cex.  To observe the matrix effect in marine sediments samples (Coppola et al., in prep), 99	
wood char was added to SRM 1941b that had previously been baked in a muffle furnace for 2 hrs 100	
at 5500C to remove organic carbon. Duplicates of standards were processed to assess total 101	
uncertainty of ∆14C measurements.   102	
 103	
2.2. Elimination of polyvalent metals, BPCA oxidation and purification 104	
Standards that contained polyvalent metals were treated with trifluoroacetic acid (TFA) 105	
to remove metals that interfere with BPCA analysis (Hammes et al., 2007; Brodowski et al., 106	
2005, Ziolkowski and Druffel, 2009).  First, metals in the environmental matrices standards were 107	
removed by high temperature (104oC) and high-pressure digestion in TFA for 4 hrs (Brodowski 108	
et al., 2005).  The solution was passed through a 0.8 µm quartz filter into a vacuum filtration 109	
flask, and the filter was rinsed with Milli-Q water.  Sample retained on the quartz filter was dried 110	
at 30-40oC for at least 3 hrs before high temperature, high pressure digestion in 65% nitric acid, 111	
at 170oC for 8 hrs for the BPCA method (Browdoski et al., 2005; Ziolkowski, 2009; Schramel et 112	
al., 1980).   The BPCA method partially oxidizes aromatic BC converting it to BPCA marker 113	
compounds (Ziolkowski, 2009; Glaser et al., 1998; Brodowski et al., 2005, Hammes et al., 2008).  114	
The solution was filtered and the filtrate was passed through a cation exchange column 115	
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(Browdowski et al., 2005) and eluted into erylermeyer flasks.  Briefly, following the method of 116	
Ziolkowski et al. (2011), dehydrated BPCAs were dissolved in methanol that contained 117	
biphenyl-2,2’-dicarboxylic acid (internal standard) and titrated with (trimethylsilyl)diazomethane 118	
(Sigma Aldrich) in 2.0 M ethyl ether to derivatize the carboxylic acids to methyl esters.  119	
Methanol was evaporated by a stream of nitrogen gas and dichloromethane was used to transfer 120	
the samples into freshly baked vial inserts (0.3 ml) for PCGC analysis and separation. 121	
Methylated BPCAs were quantified for BPCA distributions and isolated for 14C analysis 122	
using a Hewlett Packard 6890 Preparative Column Gas Chromography (PCGC) with an HP 123	
7683B auto-injector, Gerstel cooled injection system (CIS-4) with a split/splitless inlet.  The CIS 124	
injector was operated in “solvent vent” mode, with a vent flow adjusted to 60 ml/min and 20 psi.  125	
The solvent venting time was 0.3 min, and the split vent time was 1 min.  The injection volume 126	
was 4 µL for all collections.  The temperature of the inlet was 40oC, then increased to 300oC at a 127	
rate of 10oC/s, then kept isothermal for 3 minutes.  A megabore fused-silica capillary column 128	
(50m length) coated with 1 µm of DB-XLB was used for all samples in this study.  Ultra-high 129	
purity hydrogen gas was used as the carrier gas at a flow rate of 8.7 ml/min.  The temperature 130	
program on the PCGC for separating BPCAs started at 100oC, 10oC/min to 250oC (isothermal for 131	
15 minutes), 5oC/min to 280oC (isothermal for 5 min), then 25oC/min to 320oC (isothermal for 3 132	
minutes).  Approximately one percent of the flow was diverted to the FID, while the other 99% 133	
was sent to the fraction collector.  The fraction collector was computer controlled to collect 134	
samples at specific retention times.  The fraction collector switch temperature and transfer line 135	
was kept at 320oC, and the traps were chilled at -10oC.  To standardize Cex to samples that have 136	
different numbers of injections, time windows of collection, and injection volumes, we 137	
normalized the manometric mass of Cex to units of µg C per min collection per 50-1 µL 138	
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injections, after Ziolkowski and Druffel (2009).  In all direct evaluations of CPCGC, the 4-min 139	
collection window set for each blank injection reflected the same time window in which BPCAs 140	
werecollected in a sample run.   141	
Briefly, following the method of Ziolkowski et al. (2011), BPCA marker compounds 142	
were identified using commercially available BPCAs (Sigma Aldrich; 1,2,3 benzene 143	
tricarboxylic acid, pyromelletic acid, benzene pentacarboxylic acid, mellitic acid) and mass 144	
fragmentation patterns when run on a Finnigan Trace MS and GC/MS ESI at UC Irvine.  The 145	
preparative fraction collector on the PCGC captured BPCA marker compounds with three to six 146	
substituted carboxylic acid groups from the partial oxidation of aromatic BC, including the 147	
nitrated BPCAs (about half of the BPCAs were nitrated).  The collection windows were set to 148	
capture the eluting peaks of interest, for a total time period of 4 minutes.  The BPCA marker 149	
compounds with only two-substituted carboxylic acid groups were not collected because they 150	
can be derived from recalcitrant lignin or other non-BC material that may survive oxidation 151	
(Brodowski et al., 2005).  Between sample collections (30 injections), the GC column was baked 152	
out twice at 320oC for 10 minutes, the injection needle was cleaned with dichloromethane and a 153	
freshly baked (550oC for 2hrs) injection liner was installed.  Also, to remove any contamination 154	
or memory from the previous sample, the first 10 injections were discarded for 14C 155	
measurements as per Ziolkowski et al. (2011).  After combustion, graphitization and Cex 156	
assessments, standards were corrected for the 14C-free derivative C added during the 157	
derivatization (Ziolkowski and Druffel, 2009). 158	
 159	
2.3 Radiocarbon measurements 160	
In preparation for 14C analysis, BPCA marker compound isolates from the PCGC were 161	
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transferred using dichloromethane to clean quartz tubes, dried and combusted to CO2 at 850oC 162	
with cupric oxide and silver.  The volume of the CO2 gas produced from combustion was 163	
cryogenically purified, then quantified manometrically and reduced to graphite for 14C analysis 164	
(Santos et al., 2007).  Measurements were made at UC Irvine in the Keck Carbon Cycle 165	
Acceleration Mass Spectrometry Facility and normalized to the AMS δ13C. Radiocarbon results 166	
were reported as ∆14C without known age correction (Stuiver and Polach, 1977).  167	
 168	
2.4 Preparation of standards for bulk measurements  169	
In order to facilitate the indirect assessment of Cex, the Δ14C values of the unprocessed 170	
standards were measured. Inorganic carbon was removed by acidification with 3% phosphoric 171	
acid (Hwang et al., 2005).  Standards were prepared in small and large sizes to match the sizes of 172	
the BC samples. 173	
 174	
3. RESULTS AND DISCUSSION 175	
3.1 Direct blank evaluation of mass and ∆14C value of Cex  176	
We directly evaluated the Cex mass and Δ14C value using two types of blanks: 1) process 177	
blanks and 2) direct blanks on the PCGC.  The process blank contained no sample but was 178	
subjected to the same preparatory steps as samples so it includes both CPCGC and Cchemistry (eq.1).  179	
The direct blank from the PCGC only is determined by injecting solvent onto the PCGC (CPCGC). 180	
We found the process blank (Cchemistry+PCGC) was 1.4 ± 0.7 µg C min-1 per 50-1 µL 181	
injections in 2012 and 0.3± 0.2 µg C min-1 per 50-1 µL injections in 2011 and the Δ14C values 182	
were -957 ± 46‰ and -963 ± 54‰ respectively.  The difference in the magnitude of Cex between 183	
these two time periods highlights the imperative need for routine blank assessments. 184	
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 In order to deduce the relative sizes of Cchemistry and CPCGC, we evaluated CPCGC alone 185	
from the injections of clean solvent directly onto the PCGC.  We made 230 injections to obtain 186	
enough C for an AMS analysis.  We report a direct blank CPCGC of 0.1 ± 0.1 µg C min-1 per 50-1 187	
µL injections with a Δ14C value -982 ± 15‰ (Table 1). Using a mass balance approach from the 188	
difference between the total Cchemistry+PCGC determined from the process blank and CPCGC using 189	
the direct blank, we calculate that the Cchemistry in 2012 was 1.3 ± 0.8 µg C min-1 per 50-1µL 190	
injections. In 2012, we find that ~10% of Cex is CPCGC (0.1± 0.1 µg C min-1 per 50-1µL injections  191	
and ~90% is Cchemistry (1.3 ± 0.7 µg C min-1 per 50-1µL injections).  Additional Cchemistry may 192	
originate from the treatment of samples in the cation exchange column following the BPCA 193	
method.  Interpretations of the Cchemistry suggests that these extra steps add twice the amount of 194	
Cchemistry as that found by Ziolkowski and Druffel (2009) who did not use the cation column and 195	
pre-treatment steps.  196	
 197	
3.2. Indirect blank evaluation of mass and Δ14C value of Cex  198	
The second method of evaluating Cex, the indirect method, involves processing standards 199	
of known consensus Δ14C value and measuring the deviation from the unprocessed consensus 200	
Δ14C value.  Differences between the Δ14C values of processed and unprocessed standards are 201	
used to measure the mass and Δ14C value of the Cex to thereby correct sample Δ14C values of 202	
samples (Ziolkowski and Druffel, 2009; Santos et al., 2010; Hwang and Druffel, 2005).  203	
Incorporation of Cex in standards is assumed to be the same as that in samples that are processed 204	
identically.  In this study, modern and dead standards were processed throughout the entire pre-205	
treatment, chemical extraction, cation exchange column, and PCGC isolation.  When using the 206	
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indirect method, Cex is assessed as two-end members, one modern (Δ 14C= 0‰) and one dead (Δ 207	
14C= -1000‰), the sum of which equals Cex.  208	
Modern process standards are used to assess the dead component of Cex, while dead 209	
standards are used to assess the modern component of Cex.  After standards are corrected for 210	
graphitization and combustion, dead Cex is evaluated using a simple mass balance approach 211	
(eq.1) (Ziolkowski and Druffel 2009); Santos et al. 2010).  The measured AMS Δ14C values of 212	
BPCAs produced from wood and grass char were lower than the consensus values because of the 213	
presence of low-14C Cex.  The mass of dead C in grass char and wood char standards were 1.8 ± 214	
0.9 µg C min-1 per 50-1µL injections and 1.5 ± 0.8 µg C min-1 per 50-1µL injections, in 2011 and 215	
2012, respectively.  Low-14C standards are used to assess the modern component of Cex (e.g. 216	
hexane soot) and samples that contain a silicate matrix (e.g. SRM 1649a aerosol dust and Green 217	
River Shale).  The masses of modern Cex in these standards were 0.2 ± 0.1 µg C min-1 per 50-218	
1µL injections and 0.1 ± 0.1 µg C min-1 per 50-1µL injections, in 2011 and 2012 respectively.  219	
From these modern and dead components of Cex, the calculated Δ14C values of Cex are  220	
-842 ± 26‰ and -933 ± 25‰ in 2011 and 2012, respectively (Table 1).  Variables such as 221	
different users and GC column degradation change with time, making it imperative that 222	
standards are routinely processed to document the inevitable variability of Cex.  To maintain 223	
consistency with these Cex variations, standards processed with the same suite of BC samples 224	
should be used to correct the Δ14C data.  In other words, Cex evaluations using the indirect 225	
method should be performed with every suite of BC measurements to adequately correct BC 226	
sample Δ14C values.  227	
 228	
3.4 Correction of standards using Cex assessments   229	
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We report corrected ∆14C values for standards using the mass and Δ14C value of Cex 230	
determined by both methods.  More than half of the standard ∆14C values corrected using the 231	
direct method were outside 2σ from the consensus values (Table 2)(Appendix).  In contrast, all 232	
but two of the standards corrected using the indirect method agreed within 2σ of the consensus 233	
values (Table 2). There were greater deviations in corrected Δ14C values of modern standards, 234	
because the majority of Cex is 14C-depleted, thereby affecting the modern ∆14C values more 235	
substantially.   The low-14C standards (SRM 1649a aerosol dust, hexane soot and Green River 236	
Shale) had corrected ∆14C values that were closer to their consensus values (Table 2).   237	
The direct correction applies one mass and one ∆14C value from the process blank, 238	
whereas the indirect correction is determined using the average value of dead and modern Cex for 239	
a large range of standard types.  The indirect method includes the variability of sample 240	
processing with multiple standards that mirrors the variability of Cex. The ability of indirect 241	
evaluations to correct standards illustrates why we recommend using the indirect method for 242	
correcting BC Δ14C measurements. 243	
 244	
3.5. Evaluation of the sediment matrix on corrected Δ14C values 245	
We needed to verify the presence or absence of a matrix effect associated with the metals 246	
contained in our sediment samples.  The effect on Cex of a sediment matrix was evaluated by 247	
comparing corrected Δ14C  values of wood char run with and without a sediment (SRM 1941b) 248	
matrix.  We processed two wood char standards that had added SRM 1941b marine sediment. 249	
Results showed that both standards had the same mass of Cex (1.5 ± 0.8 µg C min-1 per 50-1 µL 250	
injections)(not shown), indicating that Cex is unaffected by the presence of a sediment matrix.  251	
When the indirect corrections were applied to wood char standards containing a sediment matrix, 252	
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the corrected ∆14C values were 129 ± 28‰ and 130 ± 43‰ (Table 2), within 2σ of the consensus 253	
value (165 ± 5‰).  The corrected ∆14C values of the wood char standards without a matrix (n=4) 254	
were also equal to the consensus value (average ∆14C =153 ± 10 ‰).   255	
 256	
3.6 Hypothetical Marine Sediment BC ∆14C 257	
To test how the addition of Cex impacts the Δ14C values of BC in sediment samples of 258	
various sizes, we applied these corrections to a suite of hypothetical samples of different sizes 259	
(25 to 150 µg C) and Δ14C values (Δ14C =-250 to -750).  We assumed that the Cex associated with 260	
these hypothetical samples was the same as those obtained in 2012 (Table 1).  Corrected Δ14C 261	
values associated with both indirect and direct method corrections are within 2σ of the consensus 262	
values (Figure 1).  The differences between indirect and direct corrections diverge for samples 263	
that are <25 µg C, where the “true” Δ14C values (CBPCA) of samples are close to modern   264	
(>-250‰) (Figure 1).  Deviations in the corrected Δ14C values for samples <25 µg C illustrate 265	
the difficulty of assessments of both the mass and ∆14C variability of Cex within samples suites.  266	
Gaining insights with the use of multiple standards and duplicate samples is necessary to 267	
constrain Cex.  268	
 269	
4. CONCLUSION 270	
 The main challenge for reporting meaningful BC Δ14C values in sedimentary matrices 271	
involves multiple evaluations of Cex added during extensive chemical processing and PCGC 272	
separation.   The mass of Cex is significant and variable, therefore requiring a correction beyond 273	
that made for graphitization and combustion.  Correction for Cex is critical, especially for 274	
samples <25 µg C. 275	
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We were unable to reliably correct standards to their consensus Δ14C values using the 276	
direct method.  We recommend use of the indirect method to capture the variability of sample 277	
processing by the use of multiple standards.  Standard sizes should match the sample sizes and 278	
approximate Δ14C values.  Although processing dead and modern BC standards is time 279	
consuming, it is crucial because Cex is variable over time.  To gain the most information about 280	
the mass and isotopic signatures of Cex, the indirect method is recommended.   281	
 282	
APPENDIX 283	
  Calculation of uncertainties in ∆14C corrected values 284	
To determine the propagated total uncertainty of Δ14Csample (eq 2), we applied the 285	
following equation: 286	 𝜎∆!"𝐶!"#$!
= 𝜕∆!"𝐶!"#$!𝜕∆!"𝐶!"#$!%"& ! 𝜎∆!"𝐶!"#$!%"&! + 𝜕∆!"𝐶!"#$!𝜕∆!"𝐶!" ! 𝜎∆!"𝐶!"!
+  𝜕∆!"𝐶!"#$!𝜕𝐶!"#$!%"& ! 𝜎𝐶!"#$!%"&! +  𝜕∆!"𝐶!"#$!𝜕𝐶!" ! 𝜎𝐶!"! 
where, 𝜎∆!"𝐶!"#$ is the propagated error of the corrected Δ14C values, 𝜎∆!"𝐶!"#$!%"&  is the 287	
AMS uncertainty of ∆!"𝐶!"#$!%"&  machine uncertainty), 𝜎∆!"𝐶!"is the uncertainty for∆!"𝐶!", 288	 𝜎𝐶!!!"#$%&  is the uncertainty for 𝐶!"#$!%"& (uncertainty in graphitization), and 𝜎𝐶!"is the 289	
uncertainty in 𝐶!" (assigned as 50%).  The total uncertainty for ∆!"𝐶!"and 𝐶!"was used as the 290	
direct process blank.   291	
 292	
 293	
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Table 1. Standards subjected to various treatments to evaluate the Cex in the determination of BC 384	
in marine sediment.  The uncertainty of the mass of Cex was estimated as 50% of the sample 385	
mass (but no lower than 0.1 µg of C/min per 50-1µL injections).  The uncertainty of the Cex Δ14C 386	
values using the indirect method correction was estimated at 50% of the Δ14C value (Appendix). 387	
 388	
Table 1. Mass and Δ14C of the unprocessed and isolated BPCAs in processed standard before 389	
and after corrections for Cex. 390	
 391	
Figure 1.  Masses of hypothetical BC in sediment samples plotted versus corrected Δ14C values 392	
to illustrate the difference between direct (open circles) and indirect (black triangles) corrections.   393	
Solid black lines represent the consensus Δ14C values for each hypothetical sample.  394	
 395	
 396	
 397	
 398	
 399	
 400	
 401	
 402	
 403	
 404	
 405	
 406	
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Table 1. 407	
Type of 
Standard 
Evaluates 
for 
Process 
Standard 
 
n 
Cation 
Column 
and pre-
treatment 
BPCA PCGC Extraneous carbon, 
Cex 
µg of C/min 
per 50-1µL 
injections1  
Δ14C (‰) 
Indirect Blank 
Dead Modern 
Cex 
SRM 
1649a 
 
4 
 
Yes Yes Yes  
 
 
0.1 ± 0.1 
(2012) 
 
0.2 ± 0.1  
(2011) 
 
 
 
 
 
0 Hexane 
Soot 
2 Yes Yes Yes 
Green 
River 
Shale 
2 Yes Yes Yes 
Modern Dead Cex Grass 
char 
3 No Yes Yes  
 
 1.5 ± 0.8  
(2012) 
 
1.8 ± 0.9  
 (2011) 
 
 
 
 
-1000 
Wood 
char 
4 No Yes Yes 
Wood 
char in 
muffled 
SRM1941b 
2 Yes Yes Yes 
 Total Indirect                                                                                       1.6 ± 0.9   -933 ± 25 (2012) 
 2.0 ± 1.0    -842 ± 26 (2011) 
Direct Blank 
Process Blank 
(collected in 
2012) 
Dead and 
Modern 
- 1 Yes Yes Yes 1.4 ± 0.7   -957 ± 
46  
Process Blank 
(collected in 
2011) 
Dead and 
Modern 
- 1 Yes Yes Yes 0.3 ± 0.2   -963 ± 
54 
Assessment of CPCGC 
Solvent 
injection 
into PCGC 
(2012) 
Dead and 
Modern 
- 1 No No Yes 0.1 ± 0.1 -982± 15 
1The masses of Cex were normalized to µg C min-1 per 50-1 µL injections. 408	
 409	
 410	
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 411	
Table 2. 412	
Standard 
Type 
 (UCIDs #) 
Consensus 
BC Δ14C 
values (‰) 
 BPCA Compound class 
µg 
C 
Direct Method 
Corrected 
Δ14C (‰) 
Indirect Method 
Corrected 
Δ14C (‰) 
Grass char 
(13206) 
(13103) 
53 ± 51 
(n=4) 
52 -69 ± 19 +27 ± 25 
85 +53 ± 11 +89 ± 49 
Wood char 
(13180) 
(13179) 
(16519) 
(16520) 
165 ± 51 
(n=4) 
 
108 +149 ± 14 +186 ± 33 
178 +106 ± 27 +139 ± 34 
108 +138 ± 31 +143 ± 28 
60 +147 ± 21 +144 ± 53 
Wood char 
in a matrix 
SRM 1941b 
(16509) 
(16510) 
165 ± 51 
(n=2) 
 
40 +299 ± 25 +129 ± 28 
50 +175 ± 23 +130 ± 43 
Aerosol SRM 
1649a 
(13183) 
(13101) 
(13102) 
(13184) 
-885 ± 50 2 
 
21 -653 ± 28 -884 ± 50 
37 -899 ±10 -963 ± 29 
25 -742 ± 24 -859 ± 40 
77 -906 ± 8 -924 ± 47 
Hexane soot 
(16511) 
(16512) 
-982 ± 8 
(n=3) 
102 -986 ± 3 -992 ± 4 
35 -998 ± 2 -992 ± 4 
Green River 
shale 
(13207) 
(13182) 
<-976 (n=3) 42 
73 
-823 ± 32 
-796 ± 15 
-894 ± 38 
-834 ± 18 
1 Determined by the combustion of unprocessed samples. 413	
2Aerosol 1649a is a mixture of BC and other aerosols containing organic carbon.  The 414	
unprocessed BC ∆14C values are from Ziolkowski and Druffel( 2009) and Currie et al. (2002), (-415	
620 ± 50‰ (n=5)).   416	
 417	
 418	
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Figure 1. 420	
 421	
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